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(57) Abstract: A method of relaying data for a wireless frequency division multiple access network is disclosed herein. In a spe-
cific embodiment, the method comprises the steps of receiving data carried by respective subcarriers (320), network coding the
data of at least two of the subcarriers having minimized correlation (350), and mapping the network coded data to a plurality of re-
source blocks for relaying to a destination (360). A device for relaying data for a wireless frequency division multiple access net-
work is also disclosed.
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Method and Device for Relaying Data

Field of the Invention

The invention relates to a method and device for relaying data for a wireless

frequency division multiple access network.

Background of the Invention

In a technical specification for Long-Term Evolution (LTE)—Advanced (LTE-A)

that is being developed under the 3rd Generation Partnership Project (3GPP),

the technical specification aims for enhanced performance, e.g. the target peak

data rate is 1 Gbps in the downlink and 500 Mbps in the uplink with the spectral
efficiency of the downlink and uplink respectively targeted at 30 bps/Hz and 15

bps/Hz; The present LTE specification may not have such enhanced

- performance. Another aim is for cell-edge users to be supported with a much

higher data rate than in the LTE specification in order to guarantee quality of

experience (QoE).

In order to meet fhe aims of the LTE-A specificaﬁon while supporting backward
compatibility with earlier access schemes such as the Release 8 LTE,
multiéarrier modulation techniques in which the data symbols are orthogonal to
each .other in the frequency doméin may be used, for example, orthogona’|"

frequehcy division multiple access (OFDMA) and single carrier frequency

. division multiple access (SC-FDMA) based on discrete Fourier transform (DFT)-

Spread OFDM will be used in LTE-A.
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In OFDMA and SC-FDMA, different users are allocated to non-overlapping
éubcarrier sets based on their channel quality information (CQlI) and their
requested data rate. While this scheduling process may lead to multiuser

diversity, very limited frequency diversity may be achieved for each user.

It is thus an object of the present invention to provide a method and device for
relaying data which addresses at least one of the problems of the prior art

and/or provide the public with a useful choice.

Summary of the Invention
In a specific expression of the invention, there is provi'ded a method df relaying
déta for a wireless frequency division multiple access network comprising:
| -‘receiving data carried by respective subcarriers;
network coding the data of at least two of thé éubqarriers haVing
minimized correlation; and |
mapping the network coded data td a plurality of resource blocks for

relaying to a destination.

Preferably, the network coding includes linear network coding. Advantageously,
the at least two of the subcarriers has a lowest correlation amongst the

subcarriers between their r_es’pective frequency domain channel coefficients.
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3
Preferably, the at least two of the subcarriers is spaced intéger multiples of N/L
subcarrier indexes apart, where N is a number of subcarriers in the subcarriers, -
and L is a number of multipaths to the déstination. Preferably, ‘one of the

plurality of resource blocks further comprises un-coded data.

The step of receiving the data may further comprise applying forward error
correction to the data of the subcarriers, and interleaving the forward error

correction coded data. Optionally, the method may comprise forward error

- correcting the data of the subcarriers, and interleaving the forward error

corrected data. In these cases, the step of receiving the data may further

comprise mapping the interleaved forward error correction coded data onto a

- plurality of modulation symbols.

Preferably, in one variation, the wireless frequency division multiple access

network uses Orthogonal Frequency Division Multiple Access.

In a second variation, the wireless frequency division multiple access network

uses Single Channel — Frequency Division Multiple Access. In such a case, the

network coding may further comprise converting the data to the frequency

domain by performing Fourier transform.

In both the first and second variations, preferably, the relaying to the destination
is in the time domain. Optionally, the network coding is dependent on a relay .

technique selected from the group consisting of decode-and-forward relaying,
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4
amplify-and-forward relaying and demodulate-and-forward felaying.
Advantageously, the network coding is optimized based on a critefion selected
from the grbup consisting of minimum bit-error rate performance, maximum

throughput and minimum energy for relaying to the destination.

Preferably, the network coding comprises applying to the data a unitary matrix. -
In a third variation, the network coding comprises applying to the data a
Hadamard matrix. In é fourth vafiation,' the network coding comprises applying
to the data a rotated discrete Fourier transform matrix. In a fifth variation, the

network coding comprises applying to the data a permutation matrix.

In all variations, the step of receiving data carried by respective subcarriers
preferably includes receiving from at least two sources. In such a case, the at

least two sources may be antennas of a device.

In a second specific expression of the invention, there is provided a decoding
method for a wireless frequency division rﬁultiple access network comprising
receiving nétwbrk coded data which is mapped to é plurality of resource
blocks, thé network coded data being formed frorh data which is network coded
from at least two subcarriers having minimized Qorrelations;
| de-mapping the network coded data from the plurality 6f resource blocks;
and

decoding the network coded data to recover the data.
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Advantageously, the step of decoding the network coded data comprises
applying a decoding matrix which removes a channel response ’and decodes
the network coded data at the same time. In such a case, the step of .applying
the decoding matrix preferably comprises demodulating the network coded data
to produce soft metric values, the soft m'etr.ic values being a decoding of the

network coded data, and de-interleaving the soft metric values.

In a variation of the decoding method, the network coded data comprises
multiple data streams and the method further comprises jointly demodulating
the multiple data streams. In such a case, one of the plurality of resource blocks
preferably further comprises un-coded data and the de-mapp'ihg separates the

network coded data from the un-coded data.

In a third specific expreséion of the invention, there is provi.ded a
communication method in a wireless frequency division multiple access network ‘
comprising | |

recéiving at a relay data carried by respective subcarriers;

" network coding the data of at Iéa‘st two of the subcarriers having

minimized correlation;

mapping the network coded data to a plurality of resource blocks for
relaying to a destination; |
| receiving the network coded data at the destination;

de-mapping the netwbrk coded data from fhe plurality of resource blocks;

and
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decoding the network coded data to recover the data.

In a fourth specific expression of the invention, there is brovided a relay device
for’a wireless frequency division multiple access network comprising

a receiver configured to receive data carried by respective Schérriers;
and

a processor configured to network code thé daté of at least two of the
subcarriers having minimized correlation; and

whereiﬁ the processor is further configured to map the network coded

data to a plurality of resource blocks for relaying to a destination.

In a fifth specific expression of the invention, there is provided an integrated
circuit fbr a relay device of a wireless frequency di;/ision multiprle access
network comprising

an interface configured to receive data carried by respective subcarriers;
and |

a processing unit configured to network code the data of at least two of

~ the subcarriers having minimized correlation; and

wherein the processing unit is further configured to map the network

coded data to a plurality of resource blocks for relaying to a destination.

In a sixth specific expression of the invention, there is provided a relaying
rhethod for network coding in a wireless frequency division multiple accéss

network comprising
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receiving data carried by respective subc.arriers;
linear network coding the data of at least two of the subcarriers; and
mapping the network coded data to a plufality of resource blocks for

relaying to a destination.

It should be apparent that features relating to one specific expfession may also
be used or applied to another specific expression. For example, minimized
correlation proposed in the first specific expression is also appIiCabIe for the

sixth specific expression of the invention.

It can be. appreciated from the described embodiment(s) that the method and-

device may:

support cell-edge users with a higher data rate than that in the LTE

specification and may thus guarantee QoE;

- exploit the frequency diversity in the relay node to destination node;

- introduce frequency diversity gain and hence improve the power
efficiency of the system;' and

- require no design modifications for user terminals as the coding scheme

requires' action only at the relay node and thus may ensure backward

compatibility. '

Brief Description of the} Figures

By _wéy of example only, one or more embodiments will be described with

reference to the accompanying drawings, in which:
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Figure 1isa schematic drawing of a communications system having two
source nodes, a relay node and a destinéiion node, according to a preferred
embodiment;
Figure 2 is a schemati’c‘drawing of a structure 6f an OFDMA symboi for
5 OFDMA transmissiohs performed in the‘cémmunications system of Figure 1;
Figure 3 is a flow diagram of a method for network coding at the relay
node of the communications system of Figure 1;
Figu‘re 4 is a block diagram of an apparatus for network coding according
~ to the method of Figure 3 when OFDMA is used and where a plurality of coding
10  groups contain data streams from twovresource"blocks; |
Figure 5 is é block diagram of a variation of the apparatus of Figure 4
when OFDMA is used and where the plurality of coding groups contain data
stream.s from a different number of resource blocks;
Figure 6 is a block diagram of a variation of the apparatus of Figure 4
15 when SC-FDMA is used and where the plurality of coding grbups contain data
| streams from  two resource blocks; |
Figure 7 is a flow diagram of a method for decoding at the destination
node of Figure 1 where the method of network coding of F'igure 3is used;
Figure 8 is é schematic drawing of théstructure_ of an OFDMA symboi for
| 20 OFDMA transmissions encoded at the rélay node using the method of Figure 3;
and
FigUrel 9 is a block diagram of an apparatus for decoding at the

destination node according to the method of Figure 7.
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Detailed Description of the Preferred Embodiment

Figure 1 shows a communications system 100 according to the preferred

“embodiment. The communications system 100 comprises two source nodes — a

first sburce node 120 and a second source node. 122, arelay node 110 and a
destination node 130. The. communications system 100 thus comprises multiple_
source nodes or users capable of communicating with a common destination
node or base station through one or more comrnon relay nodes. During an
uplink transmission, the tvi/o source nodes 120, 122 transmit informatisn to the
destination node 130 via a common relay node 110 using two hops."The first

hop takes place during a first time slot where the source nodes 120,122 both

transmit th_eir data to the destination node 110.

Depending on the rélay technique used, for example where a decode-and-
forward relay technique is used, relay node 110 may vdecode tne information it
has received. Alternatively, other relay techniques suchias a demodulate-and-
forward or an amplify-and-forWard scheme may be used. After receiving the’
informstion from the source nodes, ielay node 110 then transmits the
informétion on to destination novde 130 in a second hop during a second time
slot. The modulation technique used for the transmissions may for examplé'be
orthogonsl frequency dii/ision multiple access (OFDMA) or single carrier —
frequency diyision multiple access (SC-FDMA), or may be any other modulation

technique known to a skilled person.

Network Coding the Transmission
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A method 300 for relaying the transmitted information will be described next
with the aid of Figures 2, 3 and 4. The transmission is performed in the

communications system 100 from source nodes'120, 122 to the destination.

node 130 via the relay node 110.

OFDMA transmission is used as an example. Figure 2 shows the structure of an
OFDMA symbol 200 for OFDMA transmissions p‘erformed in the method 300.
Two resource blocks (RBs) i.e. RB1 210 and RB; 212 respectively are assigned

to the two source nodes 120,122 for source-to-relay transmission. It is.noted

‘that while the resource blocks 210, 212 may be consecutively numbered, they

do not have to occupy contiguous subcarrier blocks within the OFDMA symbol.

The resource block RB, 218 may be allocated to other source nodes. Two of

~ the resource blocks 220,222 are subcarriers allocated to other resource blocks.

Each OFDMA symbol 200 has N numbe.r of subcarriers which are grouped into

Ngs Iocalized resource blocks (RB) respectively denoted-RB4, RBy, ..., RB,, .

Each RB has Ng number of subcarriers such that NrgxNg=N.

Turning now to Figures 3 and 4,.t_he method 300 and an apparatus 400 for the
method. 300 will be described. Figure 3 shows the methdd 300 for network
coding at the relay node 110 the transmitted information from the sodfce hodes
120, 122 to a destination node 130. Figure 4 is a block diagram showing an

apparatus for linear network coding at the relay node 110 when OFDMA is used
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and where the coding groups each contain data streams from two resource

blocks.

In Step 310, the transmission is transmitted from the two source nodes 120,

122. This occurs during the first time slot when the first source node 120

transmits the data symbols X, =[X,,,X,,,"--, X, 5 ] and the second source node

122 transmits X, =[X,,, X, ,,-*, X, 5. ]-

~

In Step 320, the relay node 110 receives and processes the transmission from

the first and the second eource nodes 120,122. In this step, an estimate of the
symbols in the transmission is obtained by demodulation, or by demodulation
and decoding. Each resource block in the transmission results in a decoded
data stream after symbol estimation. The symbol estimation technique used

depends on the relaying scheme deployed in the method 300. In this example,

- the decode-and-forward scheme is used and perfect decoding is assumed at

the relay node 110.

In Step 330, the data streams received from the source nodes are arranged into

~coding groups. Optionally, this arrangement may be done using any

combination of the strategies of:
- having coding groups of higher dimensions;
- - partitioning the data streams into multiple coding groups; and

- optimizing the grou.ping of data streams into coding groups.
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These strategies will be described to a greater detail later in this description.

In the present example, the data streams from the resource blocks of the first
and the second source nodes 120,122 are grouped into a single coding group
which comprises Ng = 2 subcarrier pairs. The n™ pair of this subcarrier group

comprises the n' " decoded data symbol from the two data streams, i.e.

X = XLP =1.2..--.N (1)
p X :P s < s 4V g '

2,p

n Step 340, the coding groups are subjected to Forward Error Correction

(FEC), interleaving and then constellation mapping and modulation. In the

apparatus 400, the coding groups 480, 482 each contain data streams from two

- resource blocks (i.e. the data streams 402 and 404 for the coding group 480,

and the data streams 412 and 414 for the coding group 482). The data streams

402, 404, 412 and 414 from corresponding resource blocks are bit streams

. originatiﬁg from different source nodes. These data streams 402, 404, 412 and

414 are denoted using the expression Sa g i.e. they are respectively denoted by
S11, S12, Sk.1 and Sk . In the expression- Sa, g denoting a data stream, the |
subscript A is an index-number of the coding group of the data stream. The
subscript B is an index number of the source node from which the data stream
is received. FEC is first performed on each'of'the.dét‘a-s’tllreém's :by'\the':FEC' units ©
420. The corrected d.ata stream is then ‘subjected to bit-interleaving by an
interleaver 430 and then constellation mapping and»mc‘)dulation by a modulation

unit 440.
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In Step 350, linear network coding (LNC) is applied. The LNC matrix is applied
for each coding group by a coding unit 450. Taking the coding group 480 as an

éxample, a LNC matrix is applied pair-wise individually to each subcarrier pair

of a coding group 480 as follows

. _ - —
XLNc,1 _ ))({LNc,l,l T j((l,l :l
| “LNC,2,1 | 2,1
X, = —XLNC,1,2 | - T _X1,2 :|
9 ’ _X LNC,2,2 | _X 2,2
: (2)
X -~ XLNC,I,NG _T X, 1,Ng
et X LNC,2,Ng X 2,Ng

.

T denotes the 2x2 unitary LNC matrix, where T'T = TT" = I,. X,,.,, and
Xincas 10 Xincan, @nd X yc,y, fespectively denote X, and X, to X, and
X, x, after the application of LNC. It is noted that the data streams assigned to

the two resource blocks RB4, RB; would have been allocated according to the
strategies mentioned- above in Step 330. Also, by precoding data streams from
at least two resource blocks in the frequency domain, additional fréquency

diversity gain may be introduced and hence may improve the power efficiency

of the communications systerh 100.

“In general, given S data symbols, the LNC outputs S LNC coded symbols such

that
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XLNC,n :TXn’n:I"“’NG' : ) : (3)

The LNC coding matrix of size S by S, is given by‘

b hty b
t t SRR #

= T e, | | @
In I 0 lss

and T"T=TT"=l;, with Is. being a SxS identity matrix.

The coding matrix T optionally may be a Hadamard matrix. The Hadamard
matrix may be constructed using any method that is known in the art. If S=2

for some positive integer K, then T may be obtained as T=H; , where H; is

constructed using Sylvester Construction. In this case, H, =H, ®H ,, for a

positive integer k, where ® denotes the Kronecker product and H, = [1] ie., a

matrix of size 1 with the single element being 1. Alternatively, Paley

.construction may also be used to form a Hadamard matrix.

Optionally, the cdding matrix T may also be a Rotated Discrete Fourier

Transform (DFT) matrix. In this case, T=FD where D is a diagonal matrix with
the n th diagonal element given by ¢ /"""7?% for n=1,..., S, and F is the DFT |

- matrix with the (m,n) th element given by ¢*?® form=1,..., S, and n=1,..., S.
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Optionally, the coding matrix T may also be a Permutation matrix such that

€ : : :
T=| : | isa permutation matrix, where p(.) uniquely maps an index in the set

1€as

{1,..., S}to an index in the set {1,..., S} . e, is a row vector of length S-with 1 in

‘the n th column position and 0 in every other position.

An optimal coding matrix T implementing LNC may be selected depending on
the relay processing performed prior to LNC, for example the processing for the
different relay schemes such es a demodulate-and-forward scheme, decode-
and-forward scheme, or amplify-and-forwe'rd scheme. The optimal coding
matrix may also be selected based on an optimization criterion, for example to
achieve a minimized bit-error rate performance, or a maximized throughput, or

to minimize the energy used for relaying onto the destination node.

In Step 360, the symbols resulting from network coding ere mapped onto
subcarriers in resoerce blocks for fransmission onto the destination node. The
network coded symbols are mapped onto subcarriers in the apparatus 400 by
the RB mapping unit 460. It is noted that the resource bIocks used by the relay

node 110 for onward transmission to the destination node may not necessarily

“be the same resource blocks upon which the relay node 110 receives data.

Ifa coding group contains data to be mapped to two resource blocks, the output

symbols from LNC for each coding group is re-ofganized respeetively into two
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streams, each of which contains Ng symbols. The first stream consists of the

- first symbol of each output vector from LNC, i.e., X ;1> Xinci2s > Xincing s

and the second consists of the second symbol of each output vector from LNC,

.., Xinca Xincaz> ™" XLNc,z,NG T

Thus, in the present embodiment where two resource blocks for relay node to
destination nodé transmission are assigned to the two data streams, the output

after applying LNC can be denoted

XLNC,RB, =[X LNC,1,1 XLNC,1,2 e X LNC,I,NG]

(5)

XLNC,RB2 =[X LNC,2,1 X INC,22 X LNC,2,NG]
where X gs and XLNC.,RBZ will be mapped respectively to two resource blocks

RB. and RB,.

In alternative embodiments where the LNC is implemented on data streams
received from more than two resource blbocks, then the re-grouping of the LNC
output symbols may use a similar procedure where the output symbols are
m'épped onto the same number of resource blocks as that of the.resource
blocks upon which the data streams arrived at the relay node. In other words, if
LNC were to be applied to a coding group comprising 3 data streams from 3
resource blocks the output symbols from LNC may be mapped onto .3vres.ource
bIocks for 6nwafd transmission. Further, data from other sources 490 which are
not subjected to LNC may also be mapped 6nto rersource bIlocks for onward

transmission. -
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Figure 8 shows the structure of an OFDMA symbol 800 for OFDMA

transmissions from the relay node 110 encoded at the relay node using the
method 300 of Figure 3. The resource blocks RB¢ 810 and RB> 812 respectively

may contain the coded symbols X ners, @Nd Xy re, - The resource block RB,

818 may contain code’d'symbols ffom other coding grbups.' The blocks 820, 822
are subcarriers allocated to other resource blocks and may for example contain |
data symbols which are not coded in-Step 350. Similar to the OFDMA symbol
200, the OFDMA symboI‘800 has N number of subcarriers and while the
resource blocks RB1 and RB2 810,812 may be consecutively numbered, they do

not have to occupy contiguous subcarrier blocks within the OFDMA symbol.

In Step 370, the OFDMA symbol 800 comprising the resource blocks RB4 and
RB; 810, 812 is transmitted to the destination node 130. An Inverse Fast
Fourier Transform (IFFT) is performed by-an IFFT unit 470 to convert the

frequency components of the OFDMA symbol 800 into the time domain.

Alternative embodiments of the apparatus 400 will be described next. Referring
now to Figure 6, Figure 6 shows a block diagram of a variation of the apparatus
of Figure 4 when SC-FDMA is used and where the coding groups 480, 482

contains dafa streams from two resource blocks. Like components/procesées in

Figure 6 use the same references as those employed in Figure 4. Two coding

groups 2480, 2482 are present and each coding group contains data streams

from two resource blocks i.e. the data streams 402 and 404 for the coding
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group 2480 and the data st_reams_412 and 414 for the cbding group 2482. In
Step 340, a Ng -point Fast Fourier Tranéform (FFT) is performed by a NG —point
FFT Qnit 2445, 2446 or 2447 tb convert the signal resulting from constellation
mépping and modulation i.e. the signal resulting from the moduvlation unit 440 to

the frequency domain. The output from each FFT unit 2445, 2446 or 24‘47’ha.s'

N symbols and is then arranged for LNC by a coding unit 450 or 452.

Taking the coding group 2480 as an example, Ng = 2. The output of the first
and second FFT units 2446 and 2447 of the coding group, 2480 are each Ng= 2
symbols long. The output from thefirst FFT unit 2446 forms the first row of a 2 x
Ng matrix. The output from the second FFT unit 2447 forms the second row of
the 2 x Ng matrix. LNC is then appiied on the 2 x N matrix by the coding unit.

452.

Further, in Step 370, an N-point IFFT unit 2470 is used instead of the IFFT unit
470. The N-point IFFT unit 2470 performs a fixed length IFFT to convert the

frequency components of the OFDMA symbol 800 into the time domain.

.Next, the strategies for arranging data streams into coding groups in Step 330

will be described. It is noted that these strategies may be useful when there are -

v data'streams from more than tWo resource blocks that have to be network

coded.

Step 330: Having coding groups of higher dimensions




10

15

20

WO 2011/108992 PCT/SG2011/000080

19
Instead of having Ng number of coding groups of subcarrier pairs (i.e. with a
dimension of 2), Ng coding groups containing sets of subcarriers may be

formed. In this case, the coding groups may each have a subcarrier set with S

. _data symbols (i.e. the dimenSion is S). Each n th coding groupvth'us corhprises '

the n th ,decoded.data symboi from each of the 'S data streams, i.e.,
X =|" Mln=12,-,Ng _ (6)

A SxS unitary LNC coding matrix is then applied to the subcarrier set of each

“coding group individually in Step 350. In Step 360, The LNC output is then re-

grouped into S coded data streams, each coded data stream having Ng LNC-

encoded symbols and mapped to S resource blocks.

~ Step 330: Partitioning the data streams into multiple coding groups

In cases where there are more than two resource blocks:to be network coded,
the resource blocks may be partitioned into multiple codiﬁg groups, with each
group containing two or more resource blocks. In other words, the number bf
resource blocks assigned to each coding group may be different — some coding
groupslhave be aséigned.a pair of resource blocks, other ching groups may
have higher dimensions. LNC is then applied to each coding group separately.
This partitioning may be done with the view of optimizing the grouping of tﬁe

resource blocks into coding groups'as will be described Iafer;
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Referring to Figure 4, the embodiment of Figure 4 partitions the data streams
into K coding groups i.e. coding group 480 to coding vgro’up 482. Each coding

group contains data streams from two resource blocks.

Referring\ next to‘l.:igure 5, Figure 5 is a'block _diagram -shoWing a \)ariatior; of
the linear network coding at the relay node 110 when OFDMA is used and like
components/processes use the same references as that used in Figure 4. The
coding groups 1484, 1482 contain data streams from a different number of

resource blocks. The data streams are partitivoned into K = 2 coding groups.

: Some codlng groups may contain data streams from two resource blocks e.g.

o codlng group 1482 WhICh has the data streams 412 and 414, while some may

contain data streams from more than two resource blocks e.g. coding group
1484 which has data streams 402, 404 and 406 from 3 resource blocks.
Because the coding group 1484 has 3 data streams, in Step 350 where LNC is

applled the coding unit 1450 applles a 3- by-3 coding matrlx

Referring now to Figure 6, the embodiment of Figure 6 uses SC-FDMA and
partitions the data streams into K = 2 coding groups.i.e. coding group 2480 ahd

coding group 2482. Each coding group contains data streams from two

resource blocks. As is done when OFDMA modulation is used, the application

of LNC 350 is performed in the frequency domain.
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It is notable that the strategy of partitioning the data streams into multiple coding
groups may be used in conjunction with any of the other strategies disclosed in

this specification.

Step 330: Optimizing the grouping of data strearhs into coding groups
Optimizing the grouping of data streams into coding group may compensate for

frequency diversity loss due to the localized subcarrier assignment in the

'OFDMA resource allocation. An ideal arrangement may be to have two or more

resource blocks that are as uncorrelated as possible in one coding group.

- Assuming that the relay node to destination node channel has L independent

and identically distributed complex Gaussian multipaths with zero mean and
variance 1/L, i.e., the relay nQde to destination node channel has a wide-sense
stationary uncorrelated scattering (WSSUS) uniform powef delay profile, the

frequency domain channel coefficient for subcarrier k is .
HkZZ—hle N s k:()al’"':N—l | (7)

N is the total number of subcarriers present in the transmission symbol. The

subcarrier correlation may then be written as



10 -

WO 2011/108992 PCT/SG2011/000080

22
E{HH'} .
, L-1 _ jﬂ L1 j27rpm
— N * N
=E{D he VY he
) 1=0 p=0 .
1Ll j2mpm 2wk o v
=Y D E{mi e Ve N . S (®)
1=0 .p=0 ? - . .
j2ELm=k) '
L1 2dmok) 4 TN
=l eJ v _l1-e
L j27r(m——k)
=0 l-e ¥

" If two'subcarriers m and k are spaced N/L subcarrier indexes or integer

multiples of N/L subcarrier indexes apart, their channel coefficients (which are

also Gaussian distributed) may be uncorrelated, hence independent.

‘ASSIUming an eXpone’ntiaI power delay bréfile for the relay node td destination
node channel with L independent complex Gaussian multipaths with zero mean

and variance e/, I=0, ..., L-1, where

B=—, | | - 9)

the frequency domain correlation between channel coefficients for the

subcarrier k and m may be written as
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1+e72% —2¢7 cos(gj—vir£ (m- k))

l+e™* —2¢™ cos(—zjg(m—k)) ()

When the two subcarriers m and k are spaced N/L subcarrier indexes or integer
multiples of N/L subcarrier indexes apart, the correlation betweén their ch.anriel
coefficients inay be lower than other subcarrier spacing vaIiJes.. Thus, resource
blocks allocated to each coding group may be spaced N/L subcarrier indexes or
integer multiples of N/L sijbcarrier indexes apart.to minimize correlation

~ between subcatrriers.

It is envisaged that while the minimization of correlation is performed in this
example for two subcarriérs m and k, in the case where the strategy of having
higher dimensional coding groups is used in conjunction with the present
strategy, the minimization of correlation may not be doné pair-wise, but rather
may be done with the aim of minimizing the correlation amongst all the

‘subcarriers of the higher dimensional coding group.

Further, where the strategy of partitioning into multiple coding groups is also
used, the min.imization of correlation may not be locally optimum within each
coding group, but the aim of minimizing the correlation amongst subcarriers
may be a globally optimum allocation of subcérriers across the 'multiple coding

groups.
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Decoding the transmission

At the‘de_stvihation. nod.e 130, the network coded transmissioh is received and

deboded. Fvigure 7 shows a method 700 for decoding the network coded

transmission at the destination node 130. Figure 9 is a block diagram of an

apparatus 900 for decoding at the destination node according to-the méthod of

Figure 7. The method 700 will be described néxt with the aid of Figures 7 and 9.

In Step 710, the network coded transmission is received at the destination node

130. The received signal is converted-into frequency domain in the apparatus

900 by performing Fast_qurier Transform (FFT) ina FFT unit 970.

| In Stepv720, the resource blocks present in the network coded transmission are

de-mapped by a demapper 960. When doing éo, the resource blocks may be

separated into two categories i.e. LNC resource blocks 955 which have LNC

applied, and non-LNC resource blocks 950 which do not have LNC applied.

_f Other forms of coding however may be applied to the non-LNC resource blocks

950.

In Step 730, demodulation and de-interleaving are performed on the LNC
resource»bloc‘:ks 955 and non-LNC resoufce blocks 950. Demodulation is
perforrﬁéd- to calc‘ulété the soft metric values for the decoders 920 which
perform FEC decoding. Fé[ the signals from the LNC resourée blocks 955, joint

detection may be implemented for each subcarrier pair-or collection of
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‘subcarriers as grouped in the coding groups of the relay node 110. Any joint

detection scheme known to the skilled person may be'appl'ied,"e.g.‘ the
maximum likelihood detection. This is done in the apparatus 900 by a joint
demodulator 945 and the joint demodulator 945 thus decodes the LNC coding

that is presentin the data of the LNC resource blocks 955.

For the signals originating from LNC resource blocks 955, taking for example
the case where the coding groups comprise two RBs, (e.g. the embodiment of

Figures 4 or 6), the signals Yincy, @nd Yy, may be written as
Y ING; K H k 0 ] X K Vk1 ) .
= T +
Y, LNC,k, 0 H k X k sz T ‘
T T - (12)
- X, | |V ~ , '
X k, sz

where subscript index k; and k; denote two. LNC resource blocks. Similar

equations may be derived for cod:irig groups of higher dimensions.

T denotes the coding matrix that was applied for LNC in Step 350 of the relay

node 110. H, and H, respectively denote the channel response on the

subcarriers of the ks and k, LNC resource blocks. The signals originating from
LNC resource blocks 955 may thus be decoded in block unit 945 by applying
the decoding matrix H, . This generates the soft metric values Whic_:h are de-
interleaved by the de-interleavers 9‘30,. The de-interleaved sgtg}[netric values are

then subsequenﬂy used by the decoders 920.
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For signals from the hon-LNC resource blocks 950, conventional demodulation
may be |mplemented usmg any technlque that is known to the skllled person.
This is done in the apparatus 900 by a conventlonal demodulator 940 The

S|gnals orlgmatlng from the non-LNC resource blocks 950 contain un-coded

data i.e. data which ‘|s not network coded and may be written as

Ynon—LNC,k =H, X, +V, _ | (1 3)
where Hy, Xy, and Vk- denote respectively the frequency domain channel
response on a subcarner k, the non-LNC user data and the Additive White

Gaussian N0|se (AWGN). The signhals orlglnatlng from the non-LNC resource

- blocks 950 may thus be demodulated with any conventional schemes in blocks

- 940. Sdft metric values are generated by the conventional demodulator 940 and

these are de-intefleaved by the de-interleavers 930. The de-interleaved soft'".

metric values are then used by the decoders 920.

In Step 740, the signals after the demodulation and de-interleaving are decoded
in decoders 920. The decoders 920 perform FEC decodihg and may be

implemented using any technique that is known to the skilled person.

While the communications system 100 of Figure 1 is illustrated with two source
nodes i.e. the first and the second source nodes 120, 122, alternative
embodiments may have rﬁore than two source nodes. The method 300 fof
network coding a transmission and the method 700 for.decoding the network
coded transmission are not limited fo a dommunicatidns system with ohly two

source nodes. When more than two source nodes are associated with the relay
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node, the LNC scheme can be applied to all the data streams from the source

‘nodes in a single coding group. Optionally, the source nodes may be partitioned

into a nUmber of disjoint coding groups, and LNC is applied separately to each

coding group.

“Alternative embodiments may also use other relaying approaches known to the

skilled person, e.g., amplify-and-forward approach or demodulate-and-forward.
Alternétive embodiments may also use other forms of modulation schemes
other than OFDMA or SC-FDMA by applying LNC to data streams in the

frequency domain.

Alternative embodiments may also use the method 300 for network coding a

- transmission and/or the-method 700 for decoding the network coded

transmission with communication devices with multiple antennas. In such a

case, as an example, there may be no need for having multiple source nodes.

Rather, each antenna may be regarded as a source node. Data streams
transmitted on each antenna of a single source node will be received as data
streams from multiple source nodes at the'relay node 110 and resource block

grouping and linear network coding may be applied.

The described embodiments should not bevconstrued as limitative. For
example, while the described embodiments describe the network coding of a

transmission and decoding of a network coded transmission as methods 300
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and 700, it would be apparent that the methods may be implemented as a

device, specifiéally as é mobile device or an Integrated Circuit (IC). The mobile
device or IC may include a processing unit configured to perform the various

method steps discussed earlier.

Also, while the~method 300 and method 700 are described using linear network
coding, however it is envisaged that the network codingv applived does not have
to be linear and other suitable network coding methods may be used. As an
example, the network coding applied may take the form of a bit-wise XOR

operation.

Further, while the corﬁmunications system 100 is described as a two-hop
communications system where the transmission from the source nodes to the
relay node takes place during a first time s_Idt and the transmission fromv the
relay node to the destination nOdé takes‘pléce during a second tirhe sl;)t, it

should be apparent that the example embodiment may be used in a multiple-

" hop communications system. In this case, there may:be multiple intermediate

relay nodes between the source nodes and the destination node, and the relay
nodes may relay data originating from the source nodes between themselves

before finally transmitting to the destination node.

Further, while the method 300 and method 700 are described as two rhethods,

it should be understood that the methods may be used one after another for

receiving, then relaying within a single device. In such a case, the single device
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may for example perform the méfhod 700 for decoding the network codéd
transmission to produce .data streams upon which the method 300 for network

o coding a transmission is thén performed.

Whilst example embodiménts of the invention have been described in detail,
many variations are possible within the scope of the invention as will be clear to

a skilled reader.
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- Claims

1. A method bf‘relaying data for a wireless 'frequency division multiple |

acceés netw_blrk comprlsmg o s

receiving cviﬁata Cérried ..by réspéé:‘tiVé :subc;‘ar'r‘iérs;q

network coding the data of at least two of the subcarriers having
minimized correlation; and

mapping the network coded data to a plurality of resource blocks for

~ relaying to a destination.

2. A method according to claim 1 wherein the-rjetwork coding includes

linear network coding.

3. A method according to any preceding claim wherein the at least two of

the subcarriers has a lowest correlation amongst the subcarriers between their

respective frequency domain channel coefficients.

4. A method avccording to claim 3 wherein the at least two of the subcarriers
is. spaced integer multiples of 'N/Lv subcérri’er indexes apart;
where

Nis é number of subcarriers in the scharriers; and

L is a number of multipaths to the destination.
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5. A method according to any preceding claim wherein one of the plurality

-of resource blocks further comprises un-coded data.

© 6. A method according to;én'y‘ pr,,eciedihg claim Whe‘re'inl‘reyceiving:the data o

10

15

20

further comprises -
applying forward error correction to the data of the subcarriers.; and

interleaving the forward error correcti'on_ coded data.

7. A method accordihg to claim 6 wherein receiving the data further

comprises

mapping the interleaved forward error correction coded data onto a

plurality of modulation symbols.

8. A method according to any preceding claim wherein the wireless

frequency division multiple access network uses Orthogonal Frequency Division

-Multiple Access.

9. A method according to any preceding claim wherein the wireless

. frequency division multiple access network usesSing|e Channel - Frequency

Division Multiple Access.

10. ~ A method according to claim 9 wherein the network coding further

comprises
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converting the data to the frequency domain by performing Fourier

transform.

1. A method according to any b_rééeding_ claim where_in,thevr"e'laying;to thé

5 destination is in the time domain.

12. A method according to.any preceding claim wherein the network coding
ié dependent on a relay technique selected from the group consisting of: |
| decode-and-forward felaying;
10 amplify-and-forward felayirig; and

demodulaté-and-forward relaying.

13. VA method according to ény preceding claim wherein the network coding
is optimized based on a criterion selected from the group consisting of:
15 ‘minimum bit-error rate performance;
maximum throughpht; and

minimum energy for relaying to the destination.

14. A method according to any preceding claim wherein the network coding

20 comprises applying to the data a unitary matrix.

15. A method according to any preceding claim wherein the network coding

comprises applying to the data a Hadamard matrix.
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16. A method according to any of claims 1 to 13 wherein network coding

comprises applying to the data a rotated discréte Fourier transform matrix.

17. A method according to any of claims 1 to 13 wherein the network coding

comprises applying to the data a pérmutat}on matrix.

18. A mefhod according to any preceding claim wherein receiving data

carried by respective subcarriers includes receiving from at least two sources.

19. A method according to claim 18 wherein the at least two sources are

antennas of a device.

20. A decoding method for a wireless frequency division multiple accessv
network comprising | |

receiving network coded data which is mapped to a plurality of resource
blocks, the network coded data being formed from data which is network coded
from at Iea‘st two subcarriers having minimized correlations;.

de-mapping the network coded data from the plurality df revsource blocks;
and | |

- decoding the network coded data to recover the data.

21. A decoding mefhod according to claim 20 wherein decoding the network

coded data comprises
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applying a decoding matrix which removes a channel response and

decodes thé network coded data at the same time. -

22. A deCoding method according to claim 21 wherein applying the decoding |
matrix com prises‘ |

demodulating the network.coded data to producé soft mefric values, the
soft metric values being a deﬁoding of the network coded data; ahd

de-interleaving the soft metric values.

23. A decoding method according to any of claims 20 to 22 wherein the
network coded data comprises multiple data streams and the method further
comprises

jointly demodulating the multiple data streams.

24. A decoding method coding according to claim 23 wherein one of the
plurality of resource blocks further comprises un-coded data and the de-

~ mapping separates the network coded data from the un-boded data.

25. A communication method in a wireless frequency division multiple

‘access network comprising

| receiying at a relay data carried by res.pective subcarriers;
network coding the data of at least two of the subcarriers having

minimized correlation;
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mapping the network coded data to a plurality of resdurce blocks for
- relaying to a destination; | |
r'e_cei'vingt'_h‘e_n.etwbrk} coded d.'ata’ at the de_kstinatviop; |
d’e-mapbih’g tﬁe network coded data from th,e pIuraIitdyiof resource blocks;
5 and | |

deCoding the network coded data to recover the data.

26. A relay device for a wireless frequency division multiple access r}1etwork~
comprising
10 a receiver configured to receive data carried by respective subcérriers;
and
é processor configured to network code the data of at least two of the
subcarriers. having minimized cqrrelation; and
wherein the processor is further configured to map the network coded

15 data to a plurality of resource blocks for relaying to a destination.

27. Anintegrated circuit for a relay device of a wireless fre‘que‘ncyv division
multiple access network comprising
an interface configured to receive data cal;ried by respective subcarriers;
20 and
‘a processing unit configured to network code the data of at least two of
the subcarriers having minimized correlation; and
wherein the processing unit is further configured to map the network

coded data to a plurality of resource blocks for relaying to a destination.
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- 28. A relaying method for network coding in a Wireless frequencyAdivision
, m,ultiple access network compr.i‘s'ing_ H |
o receiving d_éta car,.riédrby reépectiye _sub_“carrier-s;, -
Iineér network codihg thé data of at Iéast two of the subcarriers; and
mapping the network coded data to a plurality of resource blocks for

- relaying to a destination.
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